The zygomaticomaxillary complex (ZMC) plays a key role in the structure, function, and esthetic appearance of the facial skeleton.\[[@ref1]\] A ZMC fracture is also known as a tripod, tetrapod or quadripod fracture, trimalar fracture or malar fracture. Fractures of the zygomatic complex are among the most frequent in maxillofacial trauma.\[[@ref2][@ref3]\] The etiology of zygomatic complex fractures includes road traffic accidents, assaults, falls, sports, and missile injuries.\[[@ref4][@ref5][@ref6]\] Earlier studies listed traffic accidents as the major etiological factor of maxillofacial injuries.\[[@ref7][@ref8]\] The relative contribution of these factors varies from region to region.\[[@ref5][@ref6]\] The ZMC fractures present a challenging diagnostic and reconstructive task to the surgeon.\[[@ref9]\] However, surgical intervention is not usually taken up unless a functional or esthetic impairment in the form of reduced mouth opening and depression of the cheek prominence is encountered. Although many surgical treatment modalities have been mentioned so far, every technique may have its own limitations.

Fractures of the zygomatic complex appear commoner in young adult males.\[[@ref6][@ref10][@ref11]\] Common clinical features of zygomatic complex fractures include diplopia, enophthalmos, subconjunctival ecchymosis, flattening of the cheek, gagging of the occlusion, and sensory disturbances.\[[@ref3][@ref12][@ref13][@ref14]\] Diagnosis of zygomatic complex fractures is usually clinical, with radiographic confirmation.\[[@ref15]\] Although isolated zygomatic complex fractures occur, several studies have shown that fractures of the zygomatic complex are often associated with other maxillofacial injuries.\[[@ref2][@ref16]\]

Patients and Methods {#sec1-1}
====================

Over a 4-year period (2011--2014), 245 patients with fractures of the zygomatic complex were retrospectively studied at Oral and Maxillofacial Surgery Department, Sree Balaji Dental College and Hospital. These patients were selected from a pool of 960 patients who sustained maxillofacial fracture during the period under review.\[[@ref17]\] Data documented were the patient\'s age, sex, and etiology of the fracture. Other data recorded were the site of fracture (zygomatic bone or arch), associated maxillofacial injuries, clinical presentation, radiographic findings, treatment, duration of follow-up, and complications \[[Figure 1](#F1){ref-type="fig"}\]
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Results {#sec1-2}
=======

The age group of the patients varied from 18 to 60 years. The highest incidence of fracture was seen between the age group of 20 and 40 years. Many studies have shown that young adult males were commonly affected.\[[@ref6][@ref10][@ref8]\] Two hundred and thirteen (86%) patients were male and 32 (10%) patients were female \[[Table 1](#T1){ref-type="table"}\]. Ninety-eight (40%) patients had left side and 147 (60%) had right sided fractures. The role of road traffic accidents as an etiologic factor in zygomatic complex fractures has been identified by some studies.\[[@ref2][@ref5][@ref15][@ref18][@ref19]\] \[[Table 2](#T2){ref-type="table"}\]. Two hundred and eighteen (89%) patients sustained fractures of the zygomatic bone, 22 (9%) had fractures of the zygomatic arch, and 5 (2%) patients had fractures of both the arch and the zygomatic bone. All patients were treated by open reduction and rigid internal fixation using titanium mini plates and screws. 28 (70%) cases were managed by two-point fixation and 8 (20%) by three-point fixation.\[[@ref20]\] Isolated arch fracture stabilization was done in 4 (10%) cases. Antibiotic regimen of intravenous use of injection ampicillin 500 mg every 6 h, injection amikacin 500 mg every 12 h, injection metronidazole 500 mg every 8 h for total 3--5 days was followed as a protocol in our center.\[[@ref21]\] Patients were reviewed with check radiograph to assess fracture stabilization, approximation, and immobilization. Function, esthetics, and neurological assessments were done in immediate postoperative phase and during periodic review. Ocular functions such as eye movements, presence/absence of diplopia were assessed postoperatively.\[[@ref22][@ref23]\]

###### 

Age and gender distribution of patients
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###### 

Etiology of zygomatic fractures
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Discussion {#sec1-3}
==========

This study recorded that more males than females (ratio 4:1) sustained zygomatic complex fractures. This is consistent with other reports. 22--37 Males in the 20--40 year age group were most often involved, and road traffic accidents were the leading etiologic factor. Many studies have shown that young adult males were commonly affected.\[[@ref6][@ref10][@ref18]\] The role of road traffic accidents as an etiologic factor in zygomatic complex fractures has been identified by some studies.\[[@ref3][@ref5][@ref15][@ref18][@ref19]\] The key to management of facial trauma is to operate the cases as soon as clinical conditions permits with a special emphasis on function and esthetics.\[[@ref24]\]

The present study recorded more fractures of the zygomatic bone (89%) than those of the arch (9%) or combined zygomatic bone and arch (2%). Isolated fractures of the arch are uncommon.\[[@ref5]\] This was probably because of the predominant role of road traffic accidents, in which most impacts to the face were most likely frontal. Arch fractures are more likely to involve some form of lateral impact and were more often encountered in cases of falls, assaults, and sport in this study.

As a result of the intimate association of the zygomatic complex with the rest of the facial skeleton, associated maxillofacial fractures are common. The findings from this study are similar to the associated facial bone fractures seen in patients with fractures of the zygomatic complex reported by other studies. These studies\[[@ref5][@ref25][@ref26]\] showed that mandibular fractures were most often associated with zygomatic complex fractures.

Although several signs and symptoms accompany zygomatic complex fractures,\[[@ref1][@ref5][@ref13][@ref26]\] not all require active treatment. Circumorbital ecchymosis and subconjunctival ecchymosis were most frequently encountered in this study but were usually self-limiting. Banks and Brown\[[@ref6]\] have summarized the indications for treatment as follows: to restore the normal contour of the face both for cosmetic reasons and to establish skeletal protection for the globe of the eye, to correct diplopia and to remove any interference with the range of movement of the mandible.

Flattening of the cheek was encountered among 43% of patients in the study. This is usually seen in tripod fractures that are most often displaced in wards to a greater or lesser extent.\[[@ref5]\] Diplopia was observed in 7.6% of patients in this study. al-Qurainy *et al.*\[[@ref13]\] reported diplopia in 17.4% of patients with mid-face fractures and found that zygomatic fractures were a principal risk factor in the development of diplopia.\[[@ref13]\] Limitation of mandibular movement occurred in 59% of patients and is usually a result of the fractured zygomatic complex impinging on the coronoid process of the mandible.\[[@ref5]\] Based on recent reports, the most significant types of chronic residual sequelae of zygomatic bone fracture are deformities resulting from mal reduction of the zygomatic prominence, enophthalmos, cheek anesthesia or dysesthesia, and trismus.\[[@ref27]\]

Radiographic examination in fractures of the zygomatic complex appears somewhat unresolved. In the 1994 survey\[[@ref28]\] of British oral and maxillofacial surgeons, 93.3% of respondents use two or more radiographs for diagnostic purposes. Only 6.7% of surgeons would rely on a single radiograph for diagnosis.\[[@ref28]\] This is similar to the findings in this study wherein 79% of the cases two or more radiographs were requested for diagnosis. In only 21% of the cases was one radiograph requested. Earlier, Ogden *et al.*\[[@ref29]\] had proposed that in some fractures of the zygomatic complex, clinical criteria alone were sufficient for postoperative assessment. Pogrel *et al.*\[[@ref30]\] evaluated the efficacy of a single radiograph to screen for mid-face fractures and concluded that a single 30° occipitomental radiograph (augmented with computed tomography (CT) scans when indicated) can identify all mid-face fractures requiring treatment. In this study, 93% of patients had postoperative radiographs taken \[Figures [2](#F2){ref-type="fig"}--[4](#F4){ref-type="fig"}\]. The most frequent radiologic findings were fractures at the zygomaticomaxillary and zygomaticofrontal sutures (48%). \[[Figure 3](#F3){ref-type="fig"}\] The suture lines of the zygomatic complex are the weak points of the bone, as it is unusual for the zygomatic bone itself to be fractured.\[[@ref6]\] The use three-dimensional CT before surgery can help in determining the severity of zygoma complex fractures and the displacement of bone segments in the preoperative period with-out the need for an open procedure.\[[@ref31]\]
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The transoral approach was the most common method of reduction.\[[@ref14]\] This is consistent with other reports.\[[@ref1][@ref10][@ref13][@ref14][@ref15][@ref17][@ref18][@ref19][@ref22][@ref26][@ref28][@ref32][@ref33][@ref34][@ref35][@ref36][@ref37][@ref38][@ref39]\] McLoughlin *et al.*\[[@ref28]\] found that the use of the bone plating was not significantly greater than the use of transosseous wiring among British oral and maxillofacial surgeons. However, Tadj and Kimble,\[[@ref40]\] in a study of 263 cases of fractured zygomatic complex, found that bone plating was the most frequently employed fixation. Two-point fixation methods were preferred to achieve stability against rotation with best esthetic outcome as the scars were well hidden intraorally and in the eyebrows.\[[@ref41]\] This approach provided best result with minimal complications such as pain, palpability of implants, and mild facial asymmetry in one case \[Tables [3](#T3){ref-type="table"}--[5](#T5){ref-type="table"}\]. However, opinions vary, and different combinations have been documented in the literature.\[[@ref42]\] Few cases were managed by more than two-point fixation, but no extra benefits were achieved from these approaches on reduction and stabilization point of view vis-à-vis two-point fixation, and one patient in this group developed complications \[[Table 6](#T6){ref-type="table"}\]. The study revealed that the three-point fixation using miniplates conferred the greatest stability. However, three-point wire fixation was only slightly less stable.\[[@ref8]\] Mixing wires with miniplates reduced the stability in proportion to the number of wires used. Minimal increases in stability were added using three-point miniplate fixation when compared to two-point miniplate fixation, regardless of the application site. The authors concluded that a stable fixation can be achieved with a miniplate on the frontozygomatic suture line and a second buttress. Acceptable stability can be achieved with single-point miniplate fixation at the frontozygomatic suture line or the infraorbital rim.\[[@ref33]\] These results do not take into account variables like fracture comminution rotatory forces of the masseter muscle or the type of skin incision necessary to apply the fixation.

###### 

Treatment details - two-point fixation (164 patients)
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###### 

Treatment details - three-point fixation (75 patients)
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###### 

Treatment details-isolated arch fixation (06 patients)
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###### 

Complications
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Most (76%) patients in this study came for follow-up on regular intervals. This study found postoperative complications among 6.7% of the patients. Covington *et al.*\[[@ref36]\] reported a complication rate of 1.5%, while Tadj and Kimble\[[@ref40]\] reported a rate of 20.7%. Blindness is an extremely morbid event and was encountered in 3.0% of patients. In all cases, it was preceded by decreasing visual acuity. In this study, ophthalmic consultation was usually sought for patients with impaired ocular functions. The role of the ophthalmologist in the perioperative assessment of patients with zygomatic complex has been documented.\[[@ref37][@ref42]\]

Zachariades *et al.*,\[[@ref38]\] in an analysis of 5,936 patients with facial trauma, found that vision were lost in 18 patients. Zygomatic complex fractures accounted for 0.45% of cases. Apart from direct injury to the globe of the eye,\[[@ref38]\] the mechanism for the development of blindness in zygomatic complex fractures is thought to be due to hemorrhage within the muscle cone and ultimately spasm or occlusion of the short posterior ciliary arteries, causing ischemia of a critical zone of the optic nerve.\[[@ref9]\] Other complications were persistent flattening of the cheek (3.0%) and persistent enophthalmos (0.7%), and these were as a result of inadequate surgical management.

Postoperative facial asymmetry occurs in 20--40% of patients.\[[@ref43]\] Although facial fracture reductions can be strenuous and time consuming, failure to obtain adequate exposure and precise reduction at the time of the initial repair often results in cosmetic deformities. Most postoperative irregularities require no surgical intervention; however, major asymmetry occurs in 3--4% of patients. Osteotomies and bone grafting may be required.\[[@ref34][@ref43]\]

Zygomaticomaxillary complex fractures often traverse the infraorbital foramen and result in infraorbital nerve injury. Preoperative evaluation and documentation of infraorbital nerve function is strongly recommended. Patients should be counseled that the sublabial incision itself will result in some transient postoperative anesthesia of the upper gingiva. The incidence of persistent sensory dysfunction ranges from 22% to 65% for open reductions and 9--40% for closed reductions.\[[@ref34][@ref35]\] In one large series, iatrogenic injuries were noted in 11% of open reductions.\[[@ref35]\] Excessive traction or surgical manipulation of the infraorbital nerve during exposure and fracture reduction will also increase the risk of postoperative paresthesias. While these symptoms can be distressing to the patient, observation and reassurance are the most appropriate treatments. Attempts at surgical decompression or ablation are highly unpredictable.\[[@ref44]\]

Coronal incisions will also result in postoperative paresthesias/anesthesia of the supraorbital and supratrochlear dermatomes distal to the incision. Aggressive manipulation of the nerve at the foramina can exacerbate these symptoms. Resolution of the paresthesias is slow and can be extremely frustrating to some patients. All patients should be warned regarding the postoperative sequelae and counseled that resolution of the symptoms (which may be partial or complete) cannot be expected for 3--12 months after the surgery.

Postoperative sinusitis was related directly to the severity of injury. Patients rarely complained of pain over titanium plates with cold exposure. Plate exposure was evidenced in few patients. The absence of infection, intraoral exposure of plates or wires was monitored conservatively. These wounds often granulate with appropriate oral hygiene. Persistent exposure for longer than 3 months, evidence of loose plates, or gross infection was indications for plate removal.

Conclusion {#sec1-4}
==========

Facial bones, especially of the middle third of the face, are composed of a network of fragile bones held together across sutures which give way in case of force to a lesser extent than other parts of the body. The key to management of facial trauma is to operate the cases as soon as clinical conditions permit with a special emphasis on function and esthetics. This study has shown that closed reduction and internal fixation of ZMC fractures provide adequate reduction of these injuries. This surgical technique results in good bony alignment and esthetics, as measured by postoperative CT scans and patient questionnaires. Significant facial asymmetry requiring surgical revision occurs in 3--4% of patients. Postoperative infection rates are extremely low, and these infections nearly always resolve with oral antibiotics. In general, the long-term prognosis after repair of ZMC fractures is very good.

This study has also shown that road traffic accidents are responsible for most zygomatic complex fractures in our environment. With the introduction of compulsory use of seatbelts in developed nations, there is a significant reduction of facial injuries.\[[@ref45][@ref46]\] In India, as per Motor Vehicle Act use of seatbelts and helmets is compulsory, but the compliance is poor. It is imperative to educate people regarding the use of headgear (crash helmet) and seatbelts while traveling in motorized transport which will go a long way in preventing injuries to the facial region.
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